Rationale: Atherosclerosis causes more deaths than any other pathophysiologic process. It has a well-established inflammatory, macrophage-mediated component, but important and potentially protective intracellular macrophage processes in atherosclerosis remain enigmatic.
INTRODUCTION
Vascular disease due to atherosclerosis accounts for more mortality that any other pathophysiologic process. Common sites of clinically significant atherosclerosis include the coronary arteries, carotid arteries, aorta, and other major branches arising from the aorta.
Atherosclerotic lesions begin as accumulations of lipoproteins within the intima of the artery, often at sites of arterial stress or disrupted flow patterns. In response to oxidized lipoproteinelicited cytokine expression, circulating monocytes adhere to the endothelium and are recruited to the intima where they differentiate into macrophages and take up inflammatory lipoprotein particles to become foam cells. Foam cells within the growing lesions induce more oxidative stress, protease activity, and pro-inflammatory cytokine secretion. In response to these stimuli, smooth muscle cells migrate and divide within the intima, and cycles of fibrosis, proliferation, and apoptosis ensue within the growing plaque (1) . As atherosclerosis progresses in this manner, lesion growth into the arterial lumen may be sufficient to impair blood flow and induce distal ischemia. Additionally, plaques may become unstable and prone to rupture, which would result in thrombus formation and distal infarction. While much attention has been paid to the role of macrophages in atherogenesis, it is not fully understood how critical aspects of macrophage effector and homeostatic functions, including the balance between inflammatory and regulatory macrophages populations within the atherosclerotic lesion, affect processes involved in this pathophysiology.
Src Kinase-Associated Phosphoprotein 2 (Skap2), an adaptor protein encoded by the gene Skap2, is normally only expressed in lymphoid and myeloid cells. Among these cells, its presence appears most critical for macrophage function (2) (3) (4) (5) (6) . In macrophages, Skap2 binds to the transmembrane Signal regulatory protein α (Sirpα) and the adapter protein ADAP (5) , and it plays a central role transmitting signals from ligand-bound integrins to direct actin cytoskeletal rearrangement required for cell spreading and migration (7) . Given the importance of Page 5 macrophage movement in regulating inflammation, understanding how Skap2 impacts atheroma formation would point to novel insights that could inform the development of targeted treatments for inflammatory pathways governing atherosclerosis.
The Apolipoprotein E (ApoE) knockout mouse is an established and practical model of atherosclerosis. On a standard diet, ApoE-deficient mice develop atherosclerotic lesions that progress with age (8, 9) . We therefore sought to test the effect of Skap2 deletion on atherosclerosis in ApoE -/mice. Although Skap2 is necessary for the transmission of macrophage integrin outside-in signaling, it was unclear whether Skap2-deficiency would exacerbate or ameliorate the atherosclerotic phenotype. On one hand, impairment of monocyteto-macrophage differentiation or blocking macrophage proliferation ameliorates atherogenesis.
For instance, atherosclerosis is significantly attenuated in mice that lack cytokines and chemokines that guide monocyte or macrophage proliferation and recruitment, such as macrophage colony stimulating factor (M-CSF), monocyte chemotactic protein-1 (MCP-1), or MCP-1's receptor (10-12). Likewise, inhibiting macrophage interaction with CD40L or depleting macrophages of cell adhesion molecules, including integrins, also reduces lesion severity (13) (14) (15) . Knockout of the pro-apoptotic and anti-proliferative p53 yields more severe lesions in ApoE -/mice, suggesting that uncontrolled macrophage proliferation is atherogenic (16, 17) . Still, while such past findings demonstrate that macrophages can contribute to formation and progression of lesions, it is also possible that macrophages play protective roles by clearing the arterial intima of potentially damaging lipoproteins or cellular debris, and that clinically significant atherosclerosis could represent a dysregulation or overloading of this system. Here, we find that Skap2 regulates the inflammatory response in atherosclerosis by promoting regulatory (or socalled "M2") macrophage polarization and effector functions. Page 6
METHODS

Antibodies and Reagents
Antibodies against-Skap2 (12926), CD206 (18704-1-AP), and β-actin (66009-1-Ig) were obtained from Proteintech Group. Antibodies against F4/80 (123109), CD3 (100201), CD34 (119301), and CD86 (105001) were obtained from Biolegend. AcLDL (L23380), anti-F4/80 (MF48000), and Goat anti-Rat IgG (H+L) Secondary Antibody, Biotin-XX conjugate (A10517) were obtained from Invitrogen. LPS was from Sigma, INFγ and IL4 were from ProSpec.
Human Atheroma Skap2 Expression
Human Skap2 and CD68 expression was obtained from the Gene Expression Omnibus (GEO) data repository (18) . Expression was analyzed in human atherosclerotic aorta samples with matched comparisons to non-atherosclerotic internal mammary artery in coronary artery bypass patients (NCBI GEO database accession GSE40231) (19) , and in human carotid endarterectomy samples comparing plaque to adjacent areas free of macroscopic disease (NCBI GEO database accession GSE43292) (20) . The Skap2 analysis was also done in laserdissected macrophages from ruptured vs. stable vs. fibrocalcific carotid plaques NCBI GEO database accession GSE41571) (21) .
Mice, Cell Culture and Macrophage Polarization
Skap2 -/-C57BL/6 mice and ApoE -/-C57BL/6 mice (Jackson Laboratories) were described previously (8, 22, 23) . Mice bearing these respective alleles were intercrossed, and backcrossed onto ApoE -/-C57BL/6 for a minimum of six generations. Mice were maintained at the Harvard and University of Chicago animal facilities under pathogen-free conditions and were sacrificed Page 7 at 10-24 weeks. All procedures were approved by the Harvard and University of Chicago Institutional Animal Care and Use Committees.
Bone marrow-derived macrophages (BMMs) were differentiated ex vivo for 7 days as described previously (24) . These adherent macrophages were cultured in Dulbecco's Modified Eagles Medium (DMEM) containing 10% FBS, 1% Penicillin/Streptomycin, and 10% macrophage colony stimulating factor (M-CSF) containing medium (CMG-condition media) (25) .
Bone-marrow derived monocytes (BMMos) were defined as the non-adherent viable cells differentiated ex vivo for 7 days in this medium (26) . Polarization of BMMs was initiated after the 7 days of differentiation (M0) using this medium with 5 ng/ml LPS and 12 ng/ml interferon-γ for 24 hours vs. 10 ng/ml IL-4 for 48 hours to generate inflammatory ("M1") vs. regulatory ("M2') polarized macrophages, respectively, as previously described (27) . All cells were maintained at 37°C in 5% CO 2 .
Reverse Transcriptase Quantitative PCR
RNA was isolated from non-polarized and polarized macrophages using the GeneJET RNA purification kit (Thermo Scientific), and quantified using Nanodrop (Thermo Scientific). cDNA was reverse transcribed using iScript Supermix (Biorad) and subjected to qPCR using the 
Western blot analysis
Cultured cells were lysed using 1% Triton X-100, 50mM Tris-HCl, and 150mM NaCl and clarified by centrifugation. Protein was quantified using bicinchoninic acid protein assay (Pierce).
The lysate proteins were resolved using SDS-PAGE, transferred to nitrocellulose, and blocked in TBST with 2% milk for 1 hour. Blots were probed with the indicated primary antibodies for 1 hour and detected using horseradish peroxidase-conjugated secondary antibodies. Bound antibodies were detected using SuperSignal West Femto ECL substrate (34095, Thermo Scientific) and imaged using ChemiDoc and iLab software (Biorad).
Cell Selection and FACS
F4/80 + BMMs and BMMos were selected using magnetic beads (M-1002-020; Solulink). The cells were blocked in FACS buffer (200mM EDTA and 1% FBS in PBS) for 30 minutes and then incubated with rat anti-mouse F4/80 primary antibody for 1 hour. The cells were then washed, blocked in FACS buffer and incubated with biotin anti-rat antibody for 1 hour. F4/80 + cells were then collected using streptavidin conjugated magnetic beads prior to FACS preparation. For analysis of adherent cells, they were detached using 5mM EDTA in PBS for 5 minutes at 37°C prior to FACS preparation. The cells were washed and resuspended in FACS buffer for detection of surface markers or fixed using 2% paraformaldehyde and then washed, permeabilized, and resuspended in FACS buffer for detection of intracellular proteins. For staining, cells were blocked with FACS buffer for 1 hour on ice, incubated with primary antibodies in FACS buffer for 1 hour, washed with FACS buffer, blocked for 45 minutes, and incubated with secondary antibodies conjugated to the indicated fluorophore for 45 minutes in Page 9 FACS buffer. Data were acquired using an LSRII 4-12 Flow cytometer (BD Biosciences) and analyzed using Flowing analytical software.
Microscopy
Tissue sections were frozen in OCT at -80°C. Sections were cut at 10 μm for immunofluorescence analysis and at 16 μm for Oil Red O analysis. Tissue and cells were fixed in 2% PFA, 25mM PIPES pH 6.8, 129mM KCl, 20% sucrose, 5mM EDTA. For immunofluorescence of intracellular proteins, sections were permeabilized using 0.1% Triton X-100 in PBS, pH 7.4. Cells and tissue sections were blocked using 2% BSA for 45 minutes, incubated with primary antibodies using 2% BSA at room temperature for 1 hour, washed in PBS, blocked using 2% BSA for 30 minutes, and incubated in secondary antibodies using 2% BSA at room temperature for 45 minutes. Tissue sections and cells were imaged using a Zeiss Axioskop microscope.
AcLDL Uptake and Efferocytosis Assays
BMMs were incubated at 37°C with Alexa-488-conjugated AcLDL (0.5-1.0 μg/ml) for 30 minutes to produce foam cells. The cells were then washed with PBS and serum free-DMEM was added. The cells were exposed to 5 minutes of UV-irradiation and then placed at 37°C for 36 hours to induce apoptosis. The apoptotic cells were detached and placed back at 37°C for 24 hours. These apoptotic foam cells were then incubated with viable WT and Skap2 -/-BMMs for 30-120 minutes in a 1:1 ratio. The cells were washed with PBS and stained with PE-conjugated F4/80. Images were analyzed using ImageJ software (NIH).
Foam Cell Migration Assay
Page 10
BMMs were plated at confluence on petri dishes for 16 hours, and 1 μg/ml AcLDL was then added for 30 minutes. The foam cells were then washed once with PBS. Scratch wounds were introduced into the cultures using a fine straight edge cell scraper, and then washed sufficiently to remove non-adherent cells. Fresh macrophage growth medium was added and cultures were incubated at 37°C. Images were taken at 0 and 8 hours and quantified for cell density within the scratch using ImageJ.
Statistics
Statistical testing of differences was performed using the 2-tailed Student's t-test.
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RESULTS
Skap2 is expressed in human atheroma and varies with plaque characteristics
Skap2 expression was analyzed in different sites of atherosclerosis obtained from humans using the Gene Expression Omnibus (GEO) data repository (18) . Compared to non-diseased internal mammary artery (19) , Skap2 expression was generally higher in atherosclerotic areas or aorta sampled during coronary artery bypass grafting surgery ( Figure 1A) . It is important to note that, in order to permit proper saphenous vein grafting, the portion of the aorta sampled in this study cannot be severely diseased, suggesting that Skap2 appears in early stages of lesion formation. In human carotid endarterectomy samples, plaques were compared to adjacent areas free of macroscopically visible disease (20) , and again, Skap2 expression is generally higher in diseased artery (Figure 1B) . In these samples, consistent with Skap2 as a macrophage-specific protein, Skap2 expression correlated directly with the expression of human macrophage marker CD68 ( Figure 1C) , and importantly, this correlation exists not only in the visible plaque but also in the adjacent artery free of macroscopic disease, again supporting early lesion progression with macrophages in some of those areas. The Skap2 analysis was also done in laser dissected macrophages from ruptured vs. stable vs. fibrocalcific carotid artery (21) , demonstrating that the degree of Skap2 expression varies with plaque characteristics and stability, with the most Skap2 found in stabilized, non-calcified plaques ( Figure 1D) 
Skap2 deletion exacerbates atherosclerosis
To probe whether Skap2 is involved in atherosclerosis, we generated and maintained Skap2replete and Skap2-deficient mice on an ApoE-knockout background and fed them a standard diet. At 24 weeks, Skap2 -/-/ApoE -/mice exhibited approximately 3-fold greater plaque burden within their aortic roots compared to Skap2 +/-/ApoE -/- (Figure 2A) . This 3-fold difference was Page 12 also apparent at 18-weeks ( Figure 2B ). There were no significant differences in weight ( Figure   2C ) or in total cholesterol, HDL, and LDL (Figure 2D ) between the Skap2-knockout and Skap2expressing mice in these cohorts.
Skap2 did not impact T cell or endothelial cell distribution within the atheromata, as measured by CD3 and CD34 immunohistochemical staining, respectively (Figure 3A) . Despite the requirement for Skap2 for efficient macrophage cytoskeletal rearrangement, chemotaxis, and migration in vitro (7, 28) , the atheromata of Skap2-deficient mice recruit abundant macrophages as indicated by F4/80 immunohistochemical and immunofluorescence staining, and the macrophage density is higher in Skap2-deficient lesions compared to Skap2-replete lesions (Figure 3A-C) . Thus, Skap2 does not appear to impair monocytic recruitment into the developing lesions.
Skap2 in the myeloid population
Given the increased atheroma size and lesional macrophage content in the absence of Skap2, we investigated the overall inflammatory status of Skap2 -/-/ApoE -/mice by measuring a panel of common cytokines in the serum of 24 week old mice. IL1α, IL6, and IL8 were significantly elevated in Skap2-deficient mice, suggestive of a macrophage-centric pro-inflammatory state ( Figure 4A) . The levels of other circulating cytokines tested (IL2, IL4, IL5, IL10, IL12, IL13, TNFα, IFNγ) were not altered by Skap2 deletion (not shown).
We have previously shown that Skap2 -/macrophages do not migrate at normal rates (7) . Given that foam cells are abundant in the Skap2 -/atheroma, we sought to dissect the potential contribution of Skap2 in foam cell macrophage migration and found that Skap2 -/-AcLDL-laden foam cells demonstrated impaired migration in a standard scratch assay ( Figure   4B and 4C) . This impairment persisted in the presence of MCP-1 (Figure 4C) . The Page 13 requirement of Skap2 for foam cell migration suggests that, although macrophage incorporation into lesions is not impacted, intralesional macrophage behavior is governed by this protein.
Skap2 is expressed and functional in the myeloid lineage (lymphoid cells rely on a closely related protein Skap1) (3, (29) (30) (31) . However, the relative importance of Skap2 in monocytes versus terminally differentiated macrophages is not known and could shed light on why Skap2-null cells readily home to sites of vascular inflammation (32, 33) . Consistent with its role in cytoskeletal rearrangement, we find that Skap2 expression coincides with the adhesion and spreading events that characterize monocyte maturation to macrophage. Indeed, we found that upon culturing bone marrow with M-CSF to drive macrophage differentiation ex vivo, Skap2 levels increased from an undetectable level in early cultured cells, to heterogeneous, very low levels in mature monocytes, to high levels in adherent macrophages (Figure 5A and 5B) .
Furthermore, F4/80-positive bone marrow-derived monocytes (BMMos), the immediate nonadherent precursors to BMMs, exhibit far less Skap2 than the macrophages they become; specifically, BMMs expressed six-fold more Skap2 compared to BMMos, and a large fraction of F4/80 + BMMos do not express appreciable Skap2 (Figure 5C) . These findings further support that fully differentiated macrophages/foam cells depend on Skap2 but their monocyte precursors do not.
Skap2 is required for expression of M2 polarization markers
Based on the macrophage-predominant expression of Skap2, the requirement of Skap2 for foam cell migration, and the macrophage-centric inflammatory cytokine signature in Skap2deficient mice, we further probed whether Skap2 impacts the inflammatory phenotype of the macrophage. We polarized WT BMMs, denoted M0 for the non-polarized phenotype, toward the inflammatory (so-called "M1") or the regulatory ("M2") phenotype using LPS and IFNγ or IL4, respectively (27) . Regulatory macrophages have greater Skap2 expression than other Page 14 macrophages, and, in the absence of Skap2, expression of the regulatory macrophage surface marker CD206 is reduced (Figure 6A) . Immunofluorescence staining of cells also demonstrated that regulatory macrophages expressed Skap2 at higher levels than either M0 or inflammatory macrophages (Figure 6B) .
Given the increased expression of Skap2 in regulatory macrophages, we asked whether Skap2 played a role in inflammatory versus regulatory macrophage polarization. BMMs were polarized towards either type of macrophage and analyzed for canonical M1 markers, Tnfα and Nos2, and M2 markers, Arg1 and Ym1 to validate the polarization culture system (Figure 7A ) (27, 34) . Skap2 -/inflammatory macrophages (M1), compared to WT macrophages, expressed higher mRNA levels of the established M1 markers. At the same time, Skap2 -/regulatory macrophages (M2) expressed lower levels of the M2 markers compared to WT (Figure 7B) .
To explore whether this disruption of the balance between inflammatory and regulatory polarized states extends to the atheroma, we stained for M1/M2 surface markers in aortic root lesions of 18 week and 24 week old Skap2 -/-/ApoE -/mice. Staining with the M1 marker CD86 and the M2 marker CD206 revealed a two-fold increase in the M1:M2 ratio within the atherosclerotic lesions of the Skap2 -/mice (Figure 8A and 8B) . Thus, while Skap2-null monocytes can reach the developing lesion, the resulting intralesional macrophages skew toward a more inflammatory signature.
Skap2 is required for efficient efferocytosis
Skap2 deficiency reduces the levels of actin-rich ruffles on the surface of macrophages (7) suggesting that there may be a defect in fluid endocytic function in Skap2 mutant BMMs.
However, using three classical markers-Lucifer yellow, FITC-Dextran, and Alexa 488-AcLDLwe found no significant differences in non-receptor-mediated micropinocytosis, multilectin Page 15 receptor-mediated uptake, or scavenger receptor-mediated uptake, respectively (Figure 9A ) (35) . Given that the clearance of apoptotic debris arising from the high turnover of foam cells within the lesion is an important function performed by alternatively-activated, regulatory macrophage populations during atherogenesis, we measured efferocytosis in WT and Skap2 -/-BMM cultures. To measure macrophage efferocytosis in vitro, we loaded Alexa-488-conjugated AcLDL into BMMs and subsequently exposed them to brief UV-irradiation followed by serum starvation to induce apoptosis. The resulting apoptotic foam cells were incapable of adhering or spreading on glass substrates like normal BMMs, but retained their nuclei and general structure.
When these dying foam cells were introduced to viable BMMs, Skap2 -/-BMMs displayed inefficient efferocytosis of this cellular debris (Figure 9B and 9C) . This central component of clearance of inflammatory debris appears to require Skap2, supporting its role in maintaining macrophage-mediated intralesional homeostasis. Page 
16
DISCUSSION
Our findings demonstrate that Skap2 is important in anti-inflammatory processes that act during atherogenesis. Skap2 expression increases with macrophage differentiation and its very low level of expression in monocytes suggests that they do not require Skap2 to function in circulation. Thus, there is preserved macrophage content of Skap2 -/lesions, which are threefold larger than Skap2-replete lesions in atherosclerotic mice. Once macrophages without Skap2 incorporate into the lesion, however, there are important defects in the maintenance of intralesional homeostasis to keep inflammation in check. Our findings support a model in which Skap2 is required for efficient foam cell migration, proper polarization to the regulatory macrophage mode, and participation in the process of efferocytic debris clearance.
Macrophage polarization within the atherosclerotic plaque has emerged as a critical aspect of lesion homeostasis (36, 37) . Classically activated inflammatory macrophages drive pro-inflammatory responses through the production of inflammatory cytokines and reactive oxygen species whereas alternatively activated regulatory macrophages secrete antiinflammatory cytokines and lipid mediators (38) . Skap2 deletion leads to dysregulation of macrophage polarization resulting in the production of more M1-like (pro-inflammatory) macrophages demonstrated both in vitro and in the aortic roots of Skap2 -/-/ApoE -/mice. Furthermore, defective regulatory macrophage differentiation in Skap2 deficient animals, together with impaired foam cell migration and inefficient efferocytosis of apoptotic foam cells, strongly suggests a model in which Skap2 plays a prominent role in promoting these antiinflammatory effector functions to tamp down on inflammatory processes within developing atheromata. In vitro and mouse models of polarized macrophages show that classicallyactivated macrophages are involved in inflammatory plaque progression, whereas alternativelyactivated macrophages resolve this inflammation (34, 39) . Our findings indicate that Skap2 helps to maintain balance between these opposing phenotypes. In many pathophysiologic processes, Page 17 regulatory alternatively-activated macrophages help to resolve inflammation and orchestrate repair by synthesizing mediators, such as TGFβ and vascular endothelial growth factor, central to tissue remodeling (40) . Preferential expression of Skap2 in regulatory macrophages suggests that the protein is more important in maintaining this polarization state, and the protein and transcript marker expression pattern of Skap2-deficient macrophages support this.
The clearance of apoptotic cells by efferocytosis is a crucial aspect of successful resolution of inflammatory processes (41) . Although the mechanisms of macrophage foam cell death in athero-prone regions is not well understood, several studies have shown that macrophage apoptosis increases as lesions progress, and thus, clearance of the resulting cellular debris is increasingly necessary for either resolution of inflammation or limiting the inflammation-induced damage occurring during plaque progression (42, 43) . Growth factor deprivation, the presence of toxic cytokines, increased ER stress and excess accumulation of lipoprotein-derived cholesterol by macrophages all may contribute to the increased apoptosis at later stages of atherosclerosis (44, 45) . In the absence of efficient apoptotic cell uptake, dying cells can undergo secondary necrosis. This autolytic process intensifies the inflammatory response and leads to further formation of the necrotic core that can destabilize the plaque (42, 46, 47) . Regulatory macrophages are more efficient at efferocytosis than the classicallyactivated inflammatory macrophages (48, 49) . Skap2 -/-BMMs exhibited reduced efferocytosis of apoptotic foam cells in our ex vivo system, demonstrating intrinsic impairment in efferocytosis.
Combined with overall augmented inflammatory and diminished regulatory macrophage polarization, this may account for a significant part of the increase in plaque burden in Skap2deficient mice.
The way in which Skap2 drives efferocytosis is unclear. Apoptotic cells can be recognized by the tethering receptor TIM4, and it has been demonstrated that TIM4-mediated phagocytosis is dependent on integrin-induced Src family kinase activation (50) . We have Page 18 previously established that Skap2 acts within a pathway the drives cytoskeletal rearrangement downstream of integrins binding to their extracellular matrix. Src family kinase activation in response to integrins is dependent on Skap2 expression (7) . Therefore, the defect in efferocytosis in Skap2 -/-BMM could be attributed to compromised integrin signaling and Src family kinase activation downstream of TIM4 engagement with phosphatidyl serine on the surface of apoptotic cells. However, it is clear that efferocytosis is distinct from other phagocytic processes, so other explanations are quite possible. Indeed, no defect in either Fc-or complement mediated phagocytosis was detected in these macrophages (22) , suggesting differences in Skap2 requirements for these pathways. Because Skap2 binds to Sirpα (5,7), one intriguing possibility is that Skap2 impacts the interaction between CD47 and Sirpα (the socalled "don't eat me" signal) to promote efferocytosis by preventing anti-phagocytosis (51,52); recent work has demonstrated that blocking CD47 signaling to macrophages can enhance efferocytosis and reduce atherosclerosis (53) , so future work should focus on how CD47blockade and Skap2 signaling interact.
CONCLUSIONS
Taken together, our data demonstrate that Skap2 keeps inflammatory macrophage/foam cell phenotypes and processes in check. It is required for the differentiation of regulatory M2 macrophage populations and plays a counter-regulatory function in the production of the macrophage inflammatory phenotype. By controlling such homeostasis within the atheroma, Skap2 therefore appears to regulate atherosclerosis by driving macrophages toward a regulatory, efferocytic phenotype. We hope these findings motivate future work to understand the mechanisms by which Skap2 and its signaling partners (such as Sirpα) determine the shifting balance between inflammatory and anti-inflammatory modes to point to rational new approaches for treatment of atherosclerosis and other chronic inflammatory diseases. The increased plaque size is approximately 3-fold greater in Skap2 -/-/ApoE -/-24-week-old mice.
Significant differences were also seen at 18 weeks. (C-D) There were no differences in weight or lipid profiles between the Skap2 -/-/ApoE -/and Skap2 +/-/ApoE -/mice. F4/80 high macrophages express higher levels of Skap2 than pre-macrophage populations in the culture, with the most pronounced increase in expression occurring with the transition from monocyte (BMMo, day 7) to macrophage (BMM). Early monocytes express negligible Skap2.
Even amongst the F4/80 + cells, BMMs have a ~6-fold increase in median Skap2 intensity compared to monocytes (C). Skap2 expression increases significantly upon adherence, as monocytes become macrophages. * p < 0.05. (A) FACS analysis shows that nonspecific macropinocytosis of Lucifer Yellow, mannose receptor-mediated uptake of FITC-Dextran and scavenger receptor-mediated uptake of AcLDL is not impacted by Skap2 deficiency. (B-C) In contrast, when BMMs were co-incubated with apoptotic FITC-AcLDL loaded foam cells, Skap2 -/-BMMs inefficiently efferocytosed these cells, a process which peaked at 90 minutes of co-incubation in WT cells. 
